At CMS, a beam loss monitoring system is operated to protect the silicon detectors from high particle rates, arising from intense beam loss events. As detectors, poly-crystalline CVD diamond sensors are placed around the beam pipe at several locations inside CMS. In case of extremely high detector currents, the LHC beams are automatically extracted from the LHC rings.Diamond is the detector material of choice due to its radiation hardness. Predictions of the detector lifetime were made based on FLUKA monte-carlo simulations and irradiation test results from the RD42 collaboration, which attested no significant radiation damage over several years.During the LHC operational Run1 (2010Run1 ( ?? 2013, the detector efficiencies were monitored. A signal decrease of about 50 times stronger than expectations was observed in the in-situ radiation environment. Electric field deformations due to charge carriers, trapped in radiation induced lattice defects, are responsible for this signal decrease. This so-called polarization effect is rate dependent and results in a non-linearity of the detector response. Measurements using the transient current technique reveal the electric field distribution. Online measurements and laboratory analysis of polarization effects in diamond sensors are presented.In the scope of the HL-LHC upgrade, various changes are foreseen. Perspectives for upgrades of the detector electronics are presented. Different candidates for sensor technologies are tested for their performance in a high rate, highly damaging radiation environment. 
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Introduction
The Beam Condition Monitor 2/1L (BCM2/1L) at CMS is used to protect the Si Tracker from catastrophic beam loss events. 1×1 cm 2 poly-crstalline CVD diamonds with a thickness of about 400 µm are used as detectors. In operating conditions 200 V bias voltage is applied leading to an average internal field of about 0.5 V/µm. The detector current is measured with the readout electronics that is also used for LHC beam loss monitoring system. In case of extremely high measured signals, which can only arise from potentially damaging beam loss events, the LHC beam are automatically dumped. [1] During operational Run 1 (2010 -2013) its was observed that the signals measured are almost entire due to collision product, hence the signal should be proportional to the instantaneous Luminosity. In rare events significant signals due to beam loss were observed. [3] 
Radiation induced signal loss
In order to ensure proper operation, the signal output was monitored and compared to the instantaneous luminosity. The signal efficiency at the start of operation was defined as 100 %. Figure 1(a) shows the relative decrease of the detectors, installed at different locations, as function of integrated luminosity. The difference in signal decrease is due to the different radiation environments where the detectors are placed in [5] . FLUKA monte carlo simulations [2] were used to simulate the radiation environment at CMS [6] . The displacement per atom (DPA) scoring of FLUKA was used so simulate the amount of defects generated inside the diamond bulk for a given amount of proton proton collisions (thus luminosity). This number was compared with a simulation of DPA in diamond for mono energetic beams [4] to calculate an equivalent fluence of 24 GeV protons. In other words: The expected radiation damage is expressed in the amount of 24 GeV protons that would result in the same level of radiation damage. Figure 3 : TCT measurements of a sCVD diamond. Fig. 3(a) shows the signal shape immediately after the HV was switched on, where no charge carriers are trapped at the lattice defects yet. Fig. 3 (b) and 3(c) show the pulse shapes after ∼40 minutes of measurement time, where charge trapped at defects deform the internal electric field and hence the TCT pulse shape.
Transient current technique measurements
The electric field inside a sensor can be determined by the Transient-Current-Technique (TCT): After introducing electron-hole pairs on one side of the detector by a radioactive α source, one observes the current generated by the drift of the charge carriers due to the electric field in the sensor. This current as function of time is proportional to the electric field as function of distance. By creating the charge carriers either at the cathode or anode, the drift from electrons or holes can be observed. The used TCT setup consists of a Picosecond 5531 bias tee, a MITEQ AM-1309 amplifier, a Tektronix TDS 5104B oscilloscope and a Keithley 2410 as HV source. The amplifier has a 50 dB amplification and a bandwidth of 1 GHz, which is the limiting factor in terms of bandwidth for the whole system. As α source a 3.56 kBq 241 Am source was used. In addition a 3.56 MBq 90 Sr source was used to pump the detector. During the measurement both sources were used at the same time (see fig. 2 ). The β particles from the 90 Sr source penetrate the thin α source and the diamond. The signals generated by the α particles, which are used to probe the electric field, are significantly higher than the signal of the β particles. The trigger threshold of the scope is set to record only signal from the alpha particles. The 90 Sr source is used to deposit charge in the whole bulk material, which reflects the radiation environment of the detector in operation.
Since α-particles are stopped in any material an external trigger can't be used. The oscillo- fig. 3(b) and fig. 3(c) .
scope is set to trigger on the pulses directly. About one pulse is stored by the PC per second. A time dependence of the signal shape is shown by averaging several groups of traces close in time. For the averaging, the curves are realigned using a software discrimination, with a discriminator threshold chosen just above noise level.
The sCVD diamond, analyzed with the TCT, was installed in BCM2 during the operation of 2011 and received a 24 GeV proton equivalent fluence of about 5.7 × 10 14 cm -2 (using the same conversion as for the detectors shown in fig. 1(b) ). It has a thickness of 460 µm and the operational HV of 200 V was used, giving an average electric field of about 0.43 V/µm. TCT measurements of this detector using only an α source are shown in [5] .
At first the HV is switched off, but the sources are applied to pump the diamond. Any residual polarization field is removed. The data taking starts with the switch-on of the HV. TCT pulses measured immediately at the start, are taken while the electric field is constant in the bulk, as no charge is trapped at the lattice defects yet. The TCT pulse immediately after the HV was switched on is shown in fig. 3(a) . A square pulse is measured as expected for a constant electric field.
Slowly, charge carriers are trapped and space charge builds up, which leads to a deformation of the electric field and a change in shape of the measured pulses. After ∼40 minutes, the measured pulses are deformed as shown in fig. 3(b) and fig. 3(c) . Conclusions on the electric field can be drawn by analyzing the measured pulse shapes, however it is not possible to directly calculate the electric field from the pulse shapes due to non linear transport characteristics of the charge carriers. Thus the approach was chosen to find an electric field distribution, which would create such TCT pulses.
Simulation of electric field
The drift behavior of the charge carriers depends on the electric field itself, hence the measured TCT signals are not linearly correlated with the electric field. In order to understand the electric field distribution a 1-D simulation of the electric field was performed. As input parameters only the relative strength of the trapping and de-trapping for electrons and holes is given. The trapping probability is evenly distributed inside the bulk, since it is expected, that the amount radiation induced defects is the same everywhere in the diamond. The charge carrier density is assumed to increase linearly towards the anode for electrons and towards the cathode for holes. The trapping parameter and the charge carrier density is used to calculate the trapped space charge. For a given space charge distribution, the electric field is calculated. Since the applied HV is constant, the integral over the electric field is also constant. The reduction in electric field due to polarization is compensated by the HV supply by further charging up the electrodes. The amount of charge on the electrodes is calculated and included in the electric field calculation, resulting in an unchanged average electric field.
For a given electric field a TCT pulse can be estimated by calculating the drift of the charge carriers, taking into account a small amount of charge trapping and longitudinal diffusion. The charge drift is converted to a voltage value, using the electronic specification of the used measurement setup. The hereby calculated pulse shape can be compared with the measured pulse.
The TCT pulse of a unpolarized detector is estimated by assuming no trapped space charge and hence a constant electric field corresponding to the externally applied field. The simulated TCT curves matches well the measured curve ( fig. 3(a) ).
The TCT pulses in fig. 3 (b) and fig. 3 (c) are shown together with an simulation of the TCT pulses. The space charge and the electric field of this simulation are shown in fig. 4 . The electric field is increase towards the cathode since a strong trapping of holes is given.
Conclusions
With TCT measurements it is possible to show that an irradiated sCVD diamond detector builds up space charge, resulting in an deformed electric field. By applying a hot β source, the diamond was placed in a radiation environment similar to operational conditions, while at the same time performing TCT measurements with a weak α source. Electric field calculations of an assumed space charge distribution are used to estimate the shape of the TCT pulse, where an agreement was achieved by assuming hole trapping being dominant over electron trapping.
